Initial results from a study of five small ovine listeriosis outbreaks in Scotland in 1989 to 1991 are presented. Forty-eight isolates including three from silage were typed at 10 polymorphic enzyme loci by using multilocus enzyme electrophoresis resulting in the identification of 12 electrophoretic types. Phylogenetic analysis partitioned the 12 electrophoretic types into two statistically distinct divisions distinguishing 1/2a serotypes from non-1/2a serotypes.
The bacterium Listeria monocytogenes is widespread in the environment and is an important pathogen, causing disease in a variety of animals, including humans (9, 22) . The prevalence of listeric infections in farm animals, particularly sheep (1) , and humans has risen significantly since the late 1970s (16) . In humans, serious invasive disease, including septicemia, meningitis, and meningoencephalitis, can occur, particularly in immunologically compromised hosts, neonates, and fetuses (9, 16) . In sheep, encephalitis and uterine infections are most common, although septicemia, iritis, and other conditions can also occur (9, 11, 13, 22) .
Currently, epidemiological aspects of the disease are hindered by the absence of sufficiently discriminating methods for the identification of Listena strains (16) . Serotyping (23) does not distinguish pathogenic and nonpathogenic strains or identify recognized species within the genus, and most clinical isolates belong to a small number of serotypes (16) . Phage typing (2) is capable of distinguishing only 60 to 70% of isolates; and serotype 1/2 strains, the most commonly isolated serotype from animals, cannot be typed consistently by this method. Random amplification of polymorphic DNA is currently being evaluated (15) , and although it is fast and capable of uncovering considerable variation, there may be problems with its repeatability and interpretation since genome fragments of the same size may not be homologous (10) . Pyrolysis mass spectrometry (PyMS) (12) gives rapid interstrain comparisons but does not clarify why strains differ. Methods such as restriction enzyme analysis and pulsed-field gel electrophoresis are not yet sufficiently well defined for routine use (7, 17) .
The technique of multilocus enzyme electrophoresis (MEE) has been used in large-scale studies to estimate the genetic diversity and structure in natural populations of bacteria and to elucidate the epidemiology of a variety of bacterial species (24) (25) (26) . Previous studies of L. monocytogenes isolates have shown MEE to be much more discriminating than serotyping (3, 4, 6, 18 (19) . The serotyping and analysis by PyMS of these strains has been reported previously (12) . An isolate representative of the Swiss epidemic (labeled ET1) (5) was obtained from J.-C. Piffaretti, Istituto Cantonale Batteriologico, Lugano, Switzerland, and examined for comparative purposes. The isolates for our study were collected during five outbreaks of ovine listeriosis which occurred over a 3-year period from 1989 to 1991. Three of the outbreaks (01, 04, and 05) occurred in Edinburgh. Outbreak 03 (in St. Boswells) occurred approximately 30 miles south of Edinburgh, and outbreak 02 (in Inverness) occurred 120 miles to the north. Of the three Edinburgh outbreaks, outbreaks 04 and 01 occurred on the same farm in different years (1989 and 1991, respectively), whereas outbreaks 04 and 05, both in 1991, occurred on different farms. Outbreak 01 involved three sheep from the same flock: two lambs that developed listeric encephalitis on the same day and an adult ewe that was affected 3 weeks later. Silage being fed to the animals had been collected from the farm in the week before the lambs were affected. In outbreak 02, two 1-year-old lambs suffering from listeric septicemia were submitted on the same day from a single flock in which a number of animals were similarly affected. In outbreak 03 a number of abortions occurred on one farm and L. monocytogenes was isolated from a vaginal swab taken from a ewe that had suffered an abortion. Flockmates were suffering from iritis, and L. monocytogenes isolates were obtained from conjunctival swabs. Outbreak 04 occurred 2 years before outbreak 01 and on the same farm. Five clinical cases of encephalitis in adult ewes occurred over a 7-week period. In outbreak 05, listeric septicemia was diagnosed in two ewes received together as representatives of clinical cases occurring in a 300-ewe flock. All these I2.I -.2. _2.
wi w w w w " " geographically distinct areas 1 year apart (outbreaks 02 and 03) yielded the same ET (ET-5), which could be subdivided by PyMS. The differences may be because the methods identify unrelated characteristics of the organism, since PyMS relies on analysis of phenotypic characters whereas MEE is more directly related to genotype.
All the enzymes used were polymorphic for at least two alleles (range, two to five), and phylogenetic trees were constructed from these data by calculating pairwise genetic distances between the ETs. The distance measure was simply the number of loci that differed between any pair of isolates which gave very similar results to a weighted distance measure that adjusted for different heterozygosity values among the 10 loci (25) . The phylogenetic tree construction method was the neighbor-joining method (20) , which, unlike the unweighted pair-group method using an arithmetic average (27) , does not assume that the rate of evolution in each lineage of the tree is the same. The phylogenetic analysis of the 13 ETs is shown in Fig. 1 . Statistical testing of the tree topology by using the bootstrap method (based on 2,000 trials) revealed that the two main divisions, containing 1/2a serotypes (ET-2, ET-3, ET-4, ET-5, ET-6, ET-8, ET-10, ET-12, and ET-13) and non-1/2a serotypes (ET-1, ET-7, ET-9, and ET-11), were significantly different (P < 0.05). However, the structure within each of these divisions could not be statistically resolved, and the degree of relationship between the branches within each division cannot be elucidated. The mean genetic diversity values (corrected for small sample size) averaged over the 10 loci for all 13 ETs as 0.586 and for the 9 1/2a ETs as 0.411. Considering the small number of ETs studied here and the deliberate exclusion of monomorphic enzymes, these two estimates are broadly similar to values calculated in a previous study (3) .
Although one must be cautious about overinterpreting the phylogenetic tree (Fig. 1) , there appears to be no obvious association between ET and the type of clinical disease with serovar 1/2a strains. The apparent absence of variation within single sheep suggests that one strain is dominant during infection, but the identification of multiple strains from single outbreaks is consistent with exposure to infec-tion by a variety of strains, as has been described in a human outbreak of listeriosis (21) . Previous studies have suggested a clonal structure for bacterial populations (24, 25) , but since nine ETs were identified from clinical cases and different strains were isolated within outbreaks, more data are required on the spatial and temporal occurrence of L. monocytogenes isolates in the environment. The purely clonal model of bacterial populations may not be strictly true (14) , and this should be borne in mind when analyzing isolate data. Much of the current literature on bacterial population genetics is based on the study of Escherichia coli populations, and conclusions from that work may not be valid for other bacterial species, particularly for an environmental organism such as L. monocytogenes. 
